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This study highlights a new construction of SEPIC DC-DC converter. The 
proposed converter aims for some features such as high voltage gain, 
continuous input current and reduce stress on the power switch. In addition, 
the circuit construction ensurs the simplicity in design along with signicant 
cost saving, since its components are readily available and smaller in size 
compared to the off-shelf components. This type of converter can adjust the 
DC voltage to maintain its output voltage to be constant. Typically, SEPIC 
operated in equipment that uses battery and also in wide range input voltage 
DC power supply. The converter is designed for renewable energy 
application where it is able to regulate the output voltage of the Photovoltaic 
(PV). The converter has been analysed based on different switching 
frequencies and duty cycle. Thus the outcome of the proposed converter can 
be achieved by using D=0.45 and fs=30 kHz. The proposed converter is 
supplied by 26V as an input voltage and produces 300V output and gives 
94% of efficiency. 
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1. INTRODUCTION 

Current global situation is experiencing a rapid and fast technological growth and physical 

development. This situation has led to an increase demand for energy because energy plays a central role in 

overall development process. As of current, fossil fuels are the primary source for energy. However, it 
becomes a challenge to solely rely on fossil fuels due to its source is experiencing a depletion. In addition to 
limited resources, fossil fuels which are non-renewable energy source give various risks and hazards to 
human and environment such as global warming [1], [2]. Besides, the unstable global fuel price also provides 
challenge for fossil fuel to remain as primary energy source [3]. Given these problems, it thus drives the 
exploration of other alternatives for power generation with higher efficient ways for energy harvesting from 
different sources. Renewable energies such as solar, wind and hydropower have been considered since these 
types of energies are more clean, reliable, certain, illimitable and irrepressible with practically zero emission 

[1]. In fact, these types of energy application have become a focus in academic and industry research for 
decades [4]. Renewable energy business is amplifying fast and expected to be a need for power generation of 
today’s world [5]. However, energy storage devices- called an accumulator or battery are needed due to the 
interrupted feature of renewable energy sources. This is due to the need to stabilize the electricity generation 
and its consumption [4]. Energy storage includes the process of energy conversion from the forms that are 
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difficult to store to another form that is easier to be stored. Grid utility might sometimes be unavailable; 
therefore, storage device is necessary. Besides that, storage device is also important when excess energy is 
generated from the renewable energy sources [6]. However, the system depends on the traditional converters 
which generates high cost due to numerous components and make the complexity of the control 
be increased [4]. 

Solar photovoltaic (PV) has proven that it can be the largest renewable energy sources to reaching 
the European target of 20% by 2020. The improvement of technology and economies of scale have triggered 
cost minimization, and this will continue for the coming years as PV business becomes the other energy 
sources major competitive. This system can reduce environmental issues such as greenhouse effect, climate 
change, global warming and pollution [5]. Energy generation by PV cells is DC which requires conversion to 
AC to be supplied to the grid/load. Besides, due to weather changes such as sunlight intensity and cell 
temperature PV becomes a nonlinear power source that affects its system performance. The other factors that 
affect the output power from PV module are position of the sun during the daytime. Irradiation and PV cell 
temperature are also among the factors that affect PV performance [7]. Therefore, this renewable energy 
system needs to have a DC-DC converter and DC-AC converter to make the energy storage to be possible. 
DC-DC conversion method consists of a voltage divider, potentiometer and switching as the simplest 
construction. However, this simple method results in poor efficiency [6] and needs to be improved in order to 
meet the industrial and commercial demands. There are many topologies that have been suggested to 
implement the converter. Some of the topologies are cascade H-bridge, coupled inductor and multilevel 
input. However, there are still some limitations to produce the output voltage with high efficiency and 
without having synchronization problems. Photovoltaic (PV) and wind energy are among the sources of 
renewable energy. These types of renewable energy are sustainable, reliable and abundance in market which 
make them to be more advantageous than the fossil fuel that currently is depleting. For this, the world is 
currently driving towards green energy type that makes these types of energy and their application to be 
crucial [8], [9] and [10]. The output voltage of PV panels needs to be boosted and step-up due to its low 
output voltage. This is to enable the voltage to match with the grid integration. However, this causes the 
application of renewable energy to be rather difficult. Therefore, consideration for power electronic converter 
had become the best solution for this problem [8]-[10]. The connection between the power generation and the 
grid consists of DC-DC converter and DC-AC inverter. The DC-DC converter should be able to obtain a high 
voltage conversion which the increased voltage will be connected to the inverter and finally to the grid. The 
input current characteristic also has become one of the challenges for the DC-DC converter as PV panels 
required a maximum power point tracking (MPPT). The MPPT is only performed if the input current of the 
converter is a continuous current. As [8] mentioned, the dynamic performance of the system will be increased 
with the continuous input current of the DC-DC converter. The crucial elements of DC-DC converter that are 
to be used for renewable energy application as said by [9], [10] are continuous input current and high voltage 
gain. In addition, the conventional boost converters also can also be used as well in this application as a 
single-switch single-stage structure [8]. However, conventional converter has low voltage conversion gain 
which is not enough for the application of renewable energy [11]-[16]. This makes the conventional 
converter to be unsuitable for this application. In high duty ratios, the power switch will make the converter 
performance to be affected and deteriorated severely even though the conventional converter can reach the 
high voltage gain. 

This work aims to design and develop a DC-DC converter to regulate and control the output voltage 
of the renewable energy sources focusing on PV. This paper explains the importance of new SEPIC-based 
converter topology instead of other type of DC-DC converter topologies. The optimization of DC-DC and 
control is highlighted since the emphasis is on the converter output control by using MOSFET as the power 
switch. A new high step-up DC-DC converter by using the SEPIC-based concept is presented which brings 
the advantages of the previous SEPIC converter. This method addresses the advantages of this new topology 
which are having continuous input current and high voltage conversion gain. Besides that, this topology is 
also able to reduce voltage stress on the power switch. 


2. CIRCUIT CONFIGRATON AND OPERATION PROCEDURE 

The curcuit configuration of the proposed SEPIC converter is shown in Figure 1. The conveter 
consists of DC voltage Source, five capacitors, three inductors, a MOSFET switch, and four diodes and 
coupled inductor. The voltage across the main switchis clamped by capacitor Cl and diode Dl. This reduces 
the conduction loss. While, capacitors C3 and C4 are charged by both sides of the coupled inductor. The 
utilized componants values are tabled in Table 1. 

Figure 2 shows the principle of operation of the converter for each mode. Mode I started as soon as 
the switch is on and mode V ended when the switch is on again for the next switching period. The circuit 
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construction of the proposed project is shown in Figure 2. The values of all capacitors are assumed large to 
make the analysis simple. This is to ignore the voltage ripples in the capacitor. Therefore, voltage gain in 
steady state can be obtained. Besides, the semiconductors in this circuit are also assumed ideal. The mode 
operations are divided into five modes. Each mode has different operation based on the current flow path. 
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Figure 1. The circuit confutation of the proposed converter 



Figure 2. Flowchart of the proposed converter operation 


Table 1. Pa rameter of each component for the propose d converter 


Specifications 

Values 

Input voltage 

26V 

Capacitors 

Cl, Cl, C 3 , C 4 = 47uF 

Co =180uF 

Inductors 

L = 320uH 

Lm = lOOuH 
Lk=luH 
n=2 

Switching frequency 

30kHz 

Power switch 

MOSFET 
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At the coupled inductor, the current of the secondary side cannot be change simultaneously due to 
the inductor currents. Therefore, its current equation can be written as: 


ks = 


iLm—i-Lk 

n 


(i) 


i Ls is the secondary winding current, i Lm is the primary winding current, 
inductive current. 


i Lk is the leakage 



( 2 ) 


Where N p is the primary winding, and N s is thesecondary winding 

The minimum value of inductor, L and magnetizing inductor L m can be calculated as below: 


L > L > 29.7uH 

2 M 2 f s 


(3) 


' m 2LM(1+M)f s -DR L 

L m > 26.9 7uH 


(4) 


However, since these are the minimum value of L and L m for the proposed converter to operate 
under CCM condition, this factor may affect the converter to work near the DCM condition. Therefore, in 
order to avoid this issue, the design of converter should consider the 20% of allowable ripple current that 
passes through the inductors. Therefore, the integral formula as below is used to consider the value of L and 
L m that can fully operate under CCM condition. 




DVj 

~lTs 


(5) 


^Lm — 


DVi 

Lmfs 


( 6 ) 


Based on (3), (4), (5) and (6) the value of L and Lm is selected to be 320uH and lOOuH. 


3. RESULTS AND DISCUSSION 

In order to analyze the circuit performance, the circuit is constructed in Matlab Simulink. From the 
simulation, output voltage, output current, voltage across capacitors and current flows through inductors can 
clearly be seen and explained. In order to obtain the steady state operation of the voltage gain, the capacitors 
value of all capacitors must be large enough to neglect the voltage ripples, the semiconductors that have been 
selected are all ideal. In this section, the discussion of the results will be divided into five sub-sections as the 
proposed converter has been implemented and tested under various operation conditions which are: varried 
the duty ratio D, varried switching frequency fs, comparison of circuit operation with different type of power 
switch, output of the proposed converter and voltage gain. 

3.1. Proposed converter operation under duty cycle, d variation 

In this section, the proposed converter is operated under the same frequency, fs which is 30kHz and 
the same input voltage, Vi =26 V but with varies duty cycle, D (D>0.4). The power switch that has been 
used is MOSFET. 
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Figure 3. The value of output voltage Vo by 
using different duty cycle 


Figure 4. The value of output current Io by 
using different duty cycle 


From Figure 3 and Figure 4, it is clearly show that when the duty cycle, D is increases, the output 
voltage, Vo is also increasing. This happens because of the voltage gain, M formula as mentioned below. 
When the duty cycle, D is increased, the voltage gain, M is increased, so does the output voltage. 

V 0 = MVj (7) 

However, the value of output current, Io cannot be assumed simply because of the increase of the 
output voltage, Vo. The output current can be calculated by using below equation: 

h = MI 0 (8) 

3.2. Proposed converter operation under switching frequency, fs variation 

In this section, the circuit is operated under the same duty cycle, D and the same input voltage, 
Vi =26 V but with different switching frequency, fs (f s > 10kHz). The power switch that has been used is 
MOSFET. 

From Figure 5, it shows that when the switching frequency, f s is increasing, the output voltage, Vo 
decreases as well. In this case, the range of switching frequency f s is determined by the value of the output 
voltage, Vo- Higher switching frequency will reduce the size of components and also reduce the output 
ripple. Switching frequency is the rate of the switch to switch on and off during the modulation process from 
the pulse generator. From Figure 6, it shows that when the switching frequency, fs is increases, the input 
current l\ is decreases. This happens due to high switching frequency that leads to higher switching losses. 



Figure 5. The value of output voltage Vo by using 
different switching frequency 


Figure 6. The value of input current, l\ by using 
different switching frequency 


3.2.1. Comparison of circuit operation with different type of power switch 

In this section, two power switches which are MOSFET and IGBT are being compared. The circuit 
is operated under the same duty cycle, D and the same switching frequency, fs which is 30kHz. The power 
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switches that have been compared are between MOSFET and IGBT. From both Figures 7 and 8, it is clearly 
showing that MOSFET has a higher ability to have high voltage gain when compared to IGBT. 
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Figure 7. Output voltage by using different 
type of switch 


Figure 8. Output current by using different type 
of switch 


Therefore, for this proposed converter, MOSFET has been chosen to be the most suitable the power 
switch for the converter operation. In addition, the converter operation has lower the voltage stress and 
current stress on the power switch. Hence, the power switch will be able to operate away from its saturation 
region. The voltage stress on the switch, Vs can be calculated as the formula (9): 


— Vi 
n+2 1 


( 9 ) 


Meanwhile the current loss on switch, I s can be calculated as the formula (10): 

Is = MI 0 + p^]l 0 (10) 


3.2.2. Output of the proposed converter 

After analyzing the effect of duty cycle, D and switching frequency, fs to the proposed converter 
operation, D=0.45 and fs=30 kHz have been chosen to be the optimal values for the proposed converter to 
perform its operation. Based on the comparison between MOSFET and IGBT, MOSFET is selected to 
operate in this converter. The MOSFET is getting the signal from the pulse generator. The pulse generated is 
an open loop pulse which does not include any controller. The input voltage is kept constant which is 
Vi=26V. In this proposed converter, square wave pulse is used to trigger and give signal to the 
gate of MOSFET. 

Figure 10 displays the input current of the proposed converter. The input current L is measured to be 
the same as inductive current iL, Ii=iL- This is because the function of inductor F itself is to provide a smooth 
input current of the proposed converter. From Figure 9, it shows the inductive current iL is approximately 9A 
and its ripple is low. Hence, this makes the ripple of the input current is also to be low. The uses of passive 
clamp circuit in this converter operation which is the D 2 and C 2 is to recycle the energy that is stored in the 
leakage inductance that presents in the couple-inductor. Therefore, the input ripple current is reduced. 

Figure 10 displays the output voltage of the proposed converter. From Figure 11, at time, t=0 s, the 
voltage starts to increase, and it reaches the maximum value Vo( max ) =308 V at t=0.15. The value of Vo 
becomes stable at t=0.2 s which gives the V 0 (rms)= 300 V. 
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Figure 9. Input current 


Figure 10. Output voltage 
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Figure 12 displays the output current of the proposed converter. From Figure 11, at time, t=0 s, the 
current starts to increase, and it reaches the maximum value I 0 (max) =0.7517 A at t=0.15s. The value of Io 
becomes stable at t=0.2 s which gives the I 0 (rms)= 0.7327 A. The uses of a coupled inductor are highlighted in 
this paper to increase the voltage gain. Coupled inductor is used to lower the component count with improved 
integration and reduce the requirement of inductance. C 3 in this converter acts as the voltage multiplier which 
increases the voltage gain. Hence, the output voltage is increased by M as mentioned in (11). 


Io 





1 1 

- 1 - 

1 J 









































L 











0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 


Figure 11. Output current 


3.2.3. Voltage gain 

Voltage gain means how big the output voltage than the input voltage. DC voltage gain which is 
also called as steady-state voltage gain is the ratio of the output voltage to the input voltage. The proposed 
converter is operated with voltage gain, M. The value of the voltage gain, M can be calculated by 
using the ( 11 ): 


M = — = 11.5 (11) 

V; V ^ 


4. CONCLUSION 

The design of new SEPIC-DC-DC converter is based on topology to regulate the output voltage of 
the renewable energy sources focusing on PV. Hence, from this study, continuous current and high voltage 
conversion gain can be achieved. Besides that, this circuit design is also able to reduce stress on the power 
switch which can further improve the efficiency of the DC-DC converter. The proposed converter has been 
simulated and tested under diffemt conditions by MATLAB SIMULINK. The converter has been analysed 
based on different switching frequencies and duty cycle. Thus, the outcome of the proposed converter can be 
achieved by using D=0.45 and fs=30 kHz. The proposed converter proved the ability to meet the requirmens 
demanded by PV sources. 
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